Introduction COST EFFECTIVENESS OF ARTICULATED BUSES WHEN PASSENGER TIME IS TREATED AS A COST Anthony M. Rufolo
As the difference between fares and costs has increased over time, transit agencies have searched for ways to cut the cost of service.
One method that is now being tried by some transit The value of this time is then used with information on capita 1 and operating cos ts to determine the cos t-ef feet i veness of these buses when passenger time is included as a cost.
These time costs will vary relative to total cost depending on the length of the route, number of stops, and so on. The effect of certain characteristics are analyzed to help determine the conditions under which articulated buses will be more cost-effective than standard buses. Baumol's initial interpretation of his model was that the labor-intensive industries (including government) would be forced to contract operations and possibly cease production. Keren ( 19 7 2) later showed that Baumo 1 had misinterpreted his mode 1, for if the cause of the wage increases is the increasing productivity of the capital-intensive sector, then there will be a relative abundance of the output of that sector; and--depending on preferences--people may be willing to shift resources to the labor-intensive sector.
They might actually want to buy more output at the higher price because of their higher incomes. Essentially, the added productivity in one sector made people better off, and this "income effect" in favor of more output might offset the "substitution effect" toward less output in the more costly sector. Baumol ( 197 2) agreed with this amendment to his analysis but pointed out that in either case there could be significant pressures on local governments to increase taxes.
If productivity increases in the private sector but not in the public sector, then people will switch to the lower cost, private output.
This model appears to be directly relevant to the operating expenses of a transit sys tern, s i nee a large part of operating expenses are labor costs.
In addition, the ability to substitute capital for labor seems fairly limited. Yet while this analysis does not necessarily imply problems for government in general, it implies problems for transit. There are not good private sector substitutes for most government output, and where there is a good substitute it is usually produced the same way as the public output. However, there is a good private sector substitute for mass transit and mass transit is much more labor intensive than is private transportation.
In particular, the output of a transit system is not the movement of a bus or train from one point to another. Rather, it is one of the inputs in the movement of a variety of people from their origin to their destination. The "labor time 11 of the passenger also goes in to producing this product.
There is no way to move a per son from one point to another without having that person provide some time as an input.
When this labor time of the passenger is taken into account as one of the costs of providing transit, the labor costs increase dramatically. Given the difficulties inherent in rearranging schedules and deter~ining optimal usage of equipment, it will simply be assumed that the three for two equivalence is appropriate.
Other factors may conceptually have some impact but are likely to be unimportant in practice.
In a larger bus there is no reason to expect more frequent breakdown than with a standard bus; and the larger number of people kept waiting when a bus breaks down should be exactly off set by fewer total breakdowns due to fewer buses.
However, the longer head ways associated with the use of 1 a rger buses implies that once a breakdown occurs, the time cost to passengers will be larger. Nevertheless, such issues are not addressed in this study.
The major part of the study was a simulation of the changes in Once the number of passengers was determined, the boarding and exiting pattern was used to determine changes in aggregate travel and waiting time. The results are presented in Table 1 . Under the most reasonable assumptions, the average passenger spends just under half a minute more on his journey due to the larger number of people per bus.
This result is reasonably consistent across lines, although the highest estimate is more than fifty-percent higher than the lowest Many transit planners argue that the random arrival pattern is not appropriate for longer headways. It is argued that that random arrival is reasonable for headways up to about ten minutes; but that planning for the bus keeps the average wait down after that.
Thus, they put a limit of five minutes on the average waiting time.
Even if this is correct for the majority of passengers, it seems to be too strict to apply for al 1 head ways, it would imply that passengers face no additional inconvenience from longer gaps than ten minutes between buses. However, there is clear 1 y some inconvenience due to not being able to travel at the most convenient time or to those making connections.
Because of the above considerations, there were three different assumptions used to simulate the impact of articulated buses on waiting time.
The first assumption was that of random arrivals.
This implies passenger waiting time of one-half headway. The second assumption was that arrivals were random for headways of less than ten minutes but that five minutes was the largest average wait. The last assumption was the same as the second except that ten-percent of the headway beyond ten minutes was added to passenger waiting time to account for the addition a 1 inconvenience.
The results are presented in Table 2 . Under the random arrival assumption, the switch to articulated buses causes the average passenger's waiting time to increase by about three minutes.
However, if the maximum average wait is five minutes, the switch to articulated buses minute per passenger.
ten minutes yields an minute. two-hundred days of service is arbitrary.
Further , the Despite these caveats, the results presented in Albright et al. estimate that using articulated buses in all-day service on a two-for-three replacement ratio yields an annual cost saving of about $5,000. Compare this to the passenger time costs.
The most reasonable assumptions are probably the standard tr ave 1 time and the ten-minute plus ten percent for waiting time.
Valuing passenger time at on 1 y one-dollar per hour turns these cost savings into losses for both of the short-haul 1 i nes and a value of $2 would turn it into losses for the long-haul lines. In fact, most estimates of the value passengers place on their time would exceed the $2 value (Cherlow, 1981) . Even with the more favorable ten-minute maximum assumption, the articulated buses barely remain as cost savers on the long-hau 1 routes at $ 2 per hour.
Conclusions
Clearly the results of this study depend on a number of assumptions. Nevertheless, the general implications are that articulated buses impose a fairly large time cost on passengers in high-density, short-haul uses. They are at less of a disadvantage on the long-haul routes, but even here their cost-effectiveness comes into question when the value of passenger time is taken into account.
In any case, those tr ans it properties with art icu lated buses should consider concentrating them on their long-haul lines. See explanation in Tables 1 and 2. 
